terminations-in the second order we obtain for this ratio 1.97 as compared with. 2.00-predicted by Bohr. The;ratio of the intensities of i8 to y in the first order is 6.3 (one determination) and in the second order is 5.46 (two determinations). The procedure described in this paper differs in some fundamental details from the elegant methods of analyzing crystals by means of X-rays developed by Laue, the Braggs and others.
The procedure described in this paper differs in some fundamental details from the elegant methods of analyzing crystals by means of X-rays developed by Laue, the Braggs and others.
The substance to be examined may be in the form of powder or of whole crystals. In the latter case the crystal need not be large. One having a volume of only .25 cubic mm. suffices, although slightly more accurate data may be obtained, if it has a somewhat larger volume.
In our method we employ X-rays belonging to the continuous spectrum, and therefore containing rays of a great variety of wave-lengths, and not the line spectra of definite wave-lengths, as in most other methods. This procedure has certain advantages. An ordinary X-ray tube with a tungsten target may be used, and high voltages may be applied to it. More intense X-radiation can be obtained from tungsten than from such chemical elements as rhodium and molybdenum. Further in some cases it is desirable to employ X-rays of shorter wave-lengths than those in the K series of rhodium and molybdenum, for these shorter rays are more penetrating than the longer ones. As a rule we use the spectrum between .12 and .80 Angstrom.
In making an analysis of a small crystal we place it at the center of an X-ray spectrometer, provided with an ionization chamber and a quadrant electrometer. The slits of the instrument should be fairly narrow, and the best results can be obtained by turning the X-ray tube so that the rays that pass through the instrument leave the target almost grazing its surface. This gives a narrow beam of rays. We set the ionization chamber so that the line from the axis of rotation to the chamber's slit makes an angle, 20, of convenient size (usually about.10°) with the direct beam of rays. Keeping the ionization chamber always in the same position we turn the crystal around by successive small steps and measure the ionization current at each step. When a set of parallel planes in the crystal lie at an angle 0 to the incident beam of rays the planes pick out of the beam X-rays of certain definite wave-lengths, X., and reflect them into the chamber, and we get a marked increase in the ionization current. Evidently the angles between the positions of the crystal that correspond to maximum ionization currents are the angles between the crystal planes.
The curve in figure 1 One peak of the curve, marked X, does not correspond to any of the chief planes of the crystal, i.e., those with small indices. Its position shows that the corresponding planes make an angle of 170.84 with the 100 planes. Possibly the marked reflection at this angle may be due to the characteristic line spectrum of iodine. Further evidence on this point will be given in a later paragraph.
-The wave-lengths, X, of the X-rays reflected at the angle 0, corresponding to any one of the peaks, are given by the fundamental law of X-ray reflection, which may be expressed by the equation
where n is a whole number, and d is the distance between successive planes. In an actual experiment to measure d we set the crystal so that the Xrays reflected by the planes we desire to investigate enter the ionization chamber (i.e., we set on one of the peaks in the curve of figure 1), and reduce the voltage until the ionization current sensibly vanishes. The voltage at which it vanishes is sharply marked, especially if the voltage is a constant one, from a storage battery, for instance. It is a good plan to increase the current through the tube at the same time as the voltage decreases in such a way as to keep the product of the two, that is, the power delivered to the tube, constant. Evidently the ionization current will not completely vanish until the voltage becomes so low that it cannot produce the longest X-rays reflected at the angle 0 according to equation (1). The, longest waves correspond to n = 1.
A small correction has to be added to the angle 0 due to the fact that the source of rays and the slit of the spectrometer have finite breadths. The rays in the incident beam are not all exactly parallel to each other and the correction equals half the angle between the rays that deviate most from the central ray on its two sides. This angle is the breadth of the source plus the breadth of the slit divided by the distance between them. The correction is usually small. In our experiments it amounts to about 3' of arc, which is less than one per cent of the corrected value of 0 = 50.51 used in the first illustrative case described below.
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Elmntn _ bewe eqain (1 an (2' we get wit n = -2, 5x&i -_ 1,W The agreement between the distances, d, determined by this method with those calculated from the density, atomic weights, etc., helps to confirm the general correctness of the laws of X-rays as at present understood.
If the specimen to be examined has the form of powder, we place the powder at the center of the spectrometer, fix the position of the ionization chamber at an angle 20 and reduce the voltage by steps making measurements of the ionization current as before.. The ionization current vanishes when the voltage is no longer able to produce the longest X-rays that are reflected at the angle 0 by the powder. This maximum wave-length corresponds to n = 1 in equation (1) figure  3 represents the ionization current as a function of the voltage in an experiment with potassium iodide powder. In addition to the point where the ionization current vanishes there are several well-marked places where the curvature changes abruptly. The voltages at these breaks in the curve are the voltages at which the rays reflected from other crystal planes cease to be produced. These voltages together with the angle 0, substituted in equation (3), give the corresponding distances between the planes. The three most sharply determined voltages are 21,740, 31,010 and 37,600 volts, respectively. The ratios of these numbers to each other differ from 42 and 43 by small fractions of one per cent only. They correspond, therefore, to the 100, 110 and 111 planes, respectively, of a cubic lattice. The angle 0 equals 4°.51 in this experiment, and the avera*e value of d, calculated from equation (3), is 3.534, in close agreement with that obtained in the above-described measurement with a small crystal of potassium iodide.
The curve marked X in figure 2 corresponds to the peak marked X in figure 1. There appears to be a sharply indicated point of inflection in the former at a voltage of 30,000 volts. Substituting this in equation (2') we find that the corresponding wave-length is .412. This wavelength is a good mean value of the wave-lengths of a and j# lines in the K series of iodine, namelv, .437 and .388. 30,000 volts do not siffice to produce the K series of iodine. If, however, one sets a spectrometer on a characteristic line and reduces the voltage, the ionization current does not vanish when the voltage ceases to produce the characteristic X-rays. It vanishes only when the voltage becomes insufficient to produce an Xray in the continuous spectrum of equal wave-length to that of the characteristic line. We have tested the existence of the peak X by turning the crystal as in the experiments represented in figure 1 with voltages in the neighborhood of 33,030 volts, which is the critical voltage for the production of the K series of iodine. We find no evidence of a peak at a voltage slightly below 33,000. The peak is just observable, however, if the voltage equals 33,500 volts. These points strongly favor the idea that the characteristic K radiation of iodine produces the peak X. The distance between the planes making an angle of 17'.084 with the 100 planes, however, does not equal that calculated from equations (1) and (3). The former is 1.088 and the latter is 2.144, i.e., about twice the former. Perhaps this may be due to the fact that only half the atoms are iodine. If the characteristic radiation does produce the peak, and, if we adopt the interference of scattered rays as the explanation of X-ray reflection, we must assume that, on the average at least, definite time relations must exist between the passage of the primary X-ray across an atom and the emission of a secondary characteristic ray. If we adopt the quantum point of view, we must suppose that the direction in which the characteristic ray travels. depends upon neighboring atoms as well as upon the angle of incidence of the primary beam.
The relative reflecting power of different planes may be determined by reflecting from them the same portion of the continuous spectrum, or different portions having known relative intensities. The use of the continuous spectrum for this purpose instead of the line spectrum has the advantage of flexibility. One can employ short, penetrating X-rays, and with these investigate dense crystals of high absorbing power. The survey is made between walls at y = 174 cm. and y = -130 cm.; and the pipe is displaced both in the y and z (upward) direction. In the graphs, the letters P, R, T, T', used either as subscripts or directly, will refer to the pipe, the resonator, the edges of the table. Throughout s is the fringe deflection of the U-tube interferometer, proportional to the acoustic pressure or to the nodal density evoked at a given place (x = 0, y, z), by the sounding pipe P.
The latter was a closed brass f" pipe, blown by the pipe blower elsewhere described, rigidly attached. In graphs 1-3, this is sketched in under P and an arrow shows the direction of the wind current. The closed cylindrical pinhole resonator R, lying with its axis parallel to y, in the yx plane (table) and moving end-on along y, is also suggestively indicated, showing the resonator azimuth for which the usually paired graphs apply. In the earlier work (figures 1-3) the middle of the resonator was used for the location of points in y. An inversion of the resonator thus gave the two curves for each case and they were obtained consecutively. If the mouth of R is used to determine the coordinate y as in figures 4, 6 to 10, but a single curve is obtained, for all azimuths of R. The same is true for a resonator placed with its mouth at the mean YR of a given ordinate, s, in case of figures 1-3. 2. Pipe Elevated above the Origin on the Table. -In figures 1-4 the organ pipe, with its mouth vertically above the origin, was raised succes-
